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CONDUCTIVE COVER FOR DIELECTRIC FILTER, DIELECTRIC FILTER. 
DIELECTRIC DUPLEXER, AND COMMUNICATION APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a dielectric filter provided with a dielectric 

block and a conductive cover, a dielectric duplexer, and a communication apparatus 
including the dielectric filter and the dielectric duplexer. 

2. Description of the Related Art 

A dielectric filter which has a substantially-rectangular-parallelepiped 
10 dielectric block having resonator holes arranged in parallel and internal conductors 
formed on internal surfaces of the resonator holes, and which has extemal conductors 
formed on the filter has been used as a microwave filter. 

In the dielectric filter of the above type, in order to eliminate a problem of 
unnecessary radiation of electromagnetic waves fi:*om an open circuit surface of the 
15 dielectric filter to the exterior, or unnecessary coupling with the exterior, a conductive 
cover is provided to cover the open circuit surface of the dielectric block (e.g., 
Japanese Unexamined Patent Application Publication No. 9-167902). 

The conductive cover (of the related art) of the dielectric filter of the above 
type is formed by simply bending a metal plate at a substantially right angle in one 
20 position. 

Accordingly, there is a possibility that the conductive cover may be deformed 
by some extemal force while the dielectric filter is produced or when the finished 
dielectric filter is mounted on a circuit board in an electronic device, or after the 
mounting step. If the conductive cover is shaped to have an acute bending angle, the 
25 distance between an open circuit surface of the dielectric block and the conductive 
cover at a position where they face each other changes, thus changing the electrical 
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characteristics of the filter. Also, if the conductive cover has an obtuse bending angle, 
the distance between the open circuit surface of the dielectric block and the conductive 
cover in a position where they face each other changes, so that, in general, the 
electromagnetic shielding effect decreases. 
5 In the dielectric filter provided with the conductive cover of the related art, 

coupling electrodes provided on the open circuit surface of the dielectric filter are used 
to establish coupling between resonators, or coupUng between a predetermined 
resonator and the exterior. 

In this case, since two adjacent resonators are easily coupled, the distance 
10 between two resonators not to be coupled must be increased. This is part of the reason 
why reduction in the size of the dielectric filter size is prevented. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a dielectric filter and a 
dielectric duplexer in which unnecessary coupling between predetermined resonators 

15 is prevented when a conductive cover is provided, and a communication apparatus 
including the dielectric filter and duplexer. 

According to an aspect of the present invention, a dielectric filter is provided 
which includes: a substantially-rectangular-parallelepiped dielectric block having 
therein resonator holes extending between a first surface of the dielectric block and a 

20 second surface opposite to the first surface, the resonator holes being arranged in 
parallel and having internal conductors formed on the intemal surfaces of the 
resonator holes; external conductors formed on surfaces of the dielectric block, the 
first surface of the dielectric block being used as an open circuit surface; and a 
conductive cover for covering the open circuit surface of the dielectric block. The 

25 conductive cover is bent so as to have one part of a surface of the conductive cover in 
contact with one of the external conductors on the dielectric block and parallel to both 
the extending direction and arrangement direction of the resonator holes, and another 
part of the surface of the conductive cover parallel to the open circuit surface of the 
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dielectric block. The conductive cover includes inwardly projecting shaped portions 
at predetermined positions along the bent portion. 

Preferably, the shaped portions are in contact with the open circuit surface of 
the dielectric block between two predetermined adjacent resonator holes among the 
5 resonator holes. 

According to another aspect of the present invention, a dielectric duplexer is 
provided wherein, in the dielectric filter, the resonator holes form a transmitting filter 
and a receiving filter in the dielectric block, and the shaped portions are disposed 
between the transmitting filter and the receiving filter. 
10 According to another aspect of the present invention, a communication 

apparatus including the dielectric filter or the dielectric duplexer is provided. 

According to the present invention, a conductive cover covering an open 
circuit surface of a dielectric block includes inwardly projecting shaped portions in 
predetermined positions along a bent portion of the conductive cover, whereby the 
15 strength of the bent portion is increased. Also, by positioning the shaped portions of 
the conductive cover between open portions of two adjacent resonators, unnecessary 
coupling between the two resonators is suppressed. 

According to the present invention, the shaped portions each have a shape in 
contact with the open circuit surface of the dielectric filter, and the shaped portions 
20 abut on the open circuit surface of the dielectric filter between two adjacent resonator 
holes among a plurality of resonator holes. Thus, it is ensured that unnecessary 
coupling between two adjacent resonators is suppressed. 

According to the present invention, in a dielectric duplexer in which a plurality 
of resonator holes constitute a transmitting filter and a receiving filter in a single 
25 dielectric block, shaped portions of a conductive cover are provided between the 
transmitting filter and the receiving filter. This can prevent unnecessary coupling 
between the transmitting filter and the receiving filter. Thus, the entirety of the 
dielectric duplexer has a small size caused by closely disposing the transmitting filter 
and the receiving filter. 
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BRIEF DESCRff TION OF THE DRAWINGS 

Figs. 1 A and IB are an exploded perspective view and bottom view showing a 
dielectric filter according to a first embodiment of the present invention; 

Figs. 2 A and 2B are sectional view showing the main part of the dielectric 
5 filter shown in Figs. 1 A and IB; 

Figs. 3A and 3B are an exploded perspective view and bottom view showing a 
dielectric duplexer according to a second embodiment of the present invention; 

Fig. 4 is a perspective view showing a conductive cover whose shape is 
different fi"om that of the dielectric filter shown in Figs. 1 A and IB; and 
10 Fig. 5 is a block diagram showing a communication apparatus according to a 

third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The structure of a dielectric filter according to a first embodiment of the 
present invention is described below with reference to Figs. 1 A to 2B. 

15 Fig. 1 A is an exploded perspective view of the dielectric filter, and Fig. IB is a 

bottom view of the dielectric filter. The dielectric block 1 is preferably a substantially 
rectangular parallelepiped. Between a first surface SI (hereinafter also referred to as 
the "open circuit surface") of the dielectric block 1 and a second surfiace S2 opposite 
thereto, five resonator holes 2a to 2e are arranged in parallel. On the internal surfaces 

20 of the resonator holes 2a to 2e, intemal conductors 3 are formed. Among the external 
surfaces (six surfaces) of the dielectric block 1, preferably five surfaces other than the 
open circuit surface SI have extemal conductors 6 formed thereon. The intemal 
conductors 3 on the intemal surfaces of the resonator holes 2a to 2e are conductively 
coupled with the extemal conductors 6 on the second surface S2 of the dielectric block 

25 1. In other words, the second surface S2 is used as a short-circuiting surface. The first 
surface SI of the dielectric block 1 is open, and on this surface, coupling electrodes 4a 
to 4e conductively coupled with the intemal conductors 3 on the intemal surfaces of 
the resonator holes 2a to 2e are formed. Also, extemal coupling electrodes 5a and 5b 
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are formed extending from the open circuit surface SI to the bottom surface, as shown 
in Figs. lAand IB. 

The external coupling electrode 5a is capacitively coupled to two resonators 
formed by the resonator holes 2a and 2b by capacitors formed by the external coupling 
5 electrode 5a and the coupling electrodes 4a and 4b. Similarly, the external coupling 
electrode 5b is capacitively coupled to a resonator formed by the resonator hole 2e by 
a capacitor formed by the external coupling electrode 5b and the coupling electrode 
4e. Also, regarding four resonators formed by the resonator holes 2b, 2c, 2d, and 2e, 
each capacitor of capacitors formed by the coupling electrodes 4b and 4c, a capacitor 

10 formed by the coupling electrodes 4c and 4d, and a capacitor formed by the coupling 
electrodes 4d and 4e establishes capacitive coupling between two adjacent resonators. 

Among the five resonators, the resonator formed by the resonator hole 2a 
operates as a trap filter formed by a 1 -stage resonator connected between the external 
coupling electrode 5 a and the ground. The four resonators formed by the resonator 

15 holes 2b to 2e operate as a 4-stage-resonator bandpass filter in which adjacent 
resonators are capacitively coupled to each other. 

Fig. 1 A shows a conductive cover 1 1 . The conductive cover 1 1 is formed by 
bending a metal plate at preferably a substantially right angle at a predetermined 
position, and forming inwardly projecting shaped portions 12a and 12b at 

20 predetermined positions along the bent portion. The shaped portions 12a and 12b are 
depressions when viewed from the outside of the conductive cover 11, while they are 
projections when viewed from the inside of the dielectric block 1 . The conductive 
cover 1 1 is placed on a side surface (the top surface in Fig. 1 A) of the dielectric block 
1 so as to have a predetermined distance with respect to the open circuit surface SI of 

25 the dielectric block 1 . 

Figs. 2A and 2B are cross-sectional views showing a state in which the 
conductive cover 1 1 is placed on the dielectric block 1. Fig. 2A is a cross-sectional 
view of the state in a plane passing through the shaped portion 12a, and Fig. 2B is a 
cross-sectional view of the state in a place passing through the shaped portion 12b. In 

30 Figs. 2A and 2B, only the conductive cover 1 1 is shown as a cross-section. The 
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conductive cover 1 1 is placed on the dielectric block 1 so that the shaped portion 12a 
of the conductive cover 1 1 abuts on the open circuit surface SI of the dielectric block 
1 . Accordingly, the distance G between the open circuit surface SI of the dielectric 
block 1 and an opposing surface of the conductive cover 1 1 is determined by each of 
5 the depths (amount of projection with respect to the dielectric block 1) of the shaped 
portions 12a and 12b. 

As described above, by providing the shaped portions 12a and 12b in the bent 
portion of the conductive cover 1 1, the strength (rigidity) of the bent portion of the 
conductive cover 1 1 is increased. As a result, while the dielectric filter is produced or 
10 when the finished dielectric filter is mounted on a circuit board of an electronic device, 
or after the mounting step, the conductive cover 1 1 can be prevented fi-om being 
deformed. This makes it possible to maintain the stability of the electrical 
characteristics required for a dielectric filter, while ensuring suitable electromagnetic 
shielding. 

15 The shaped portion 12a, which is one of the two shaped portions provided on 

the conductive cover 1 1, is rectangular in cross-section and is in contact with a 
position Ca (Fig. lA) on the open circuit surface SI of the dielectric block 1. This 
results in reduced coupling (capacitive coupling generated by the capacitors formed by 
the coupling electrodes 2a and 2b) between the two resonators formed by the resonator 

20 holes 2a and 2b. Also, the shaped portion 12b, which is a right-angled triangle in 

section, is in contact with part of the edge (denoted by Cb in Fig. 1 A) of the dielectric 
block 1. Thus, the shaped portion 12b does not prevent coupling between the two 
resonators formed by the resonator holes 2d and 2e. This eliminates unnecessary 
coupling between the above trap resonator and an initial or end stage resonator of the 

25 bandpass filter, so that the trap filter and the bandpass filter can exhibit their intended 
characteristics. 

Next, a dielectric duplexer according to a second embodiment of the present 
invention is described below with reference to Figs. 3A to 4. 

Fig. 3 A is an exploded perspective view of the dielectric duplexer, and Fig. 3B 
30 is a bottom view of the dielectric duplexer. The dielectric block 1, preferably a 
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substantially rectangular parallelepiped, is shown with seven resonator holes 2a to 2g 
extending between a first surface (hereinafter also referred to as an "open circuit 
surface") SI and a second surface S2 opposite thereto. The resonator holes 2a to 2g 
have internal conductors formed on their internal surfaces. Among the external 
surfaces (six surfaces) of the dielectric block 1, preferably five surfaces other than an 
open circuit surface SI have external conductors 6 formed thereon. The internal 
conductors on the internal surfaces of the resonator holes 2a to 2g are conductively 
coupled with the external conductors 6 on the second surface S2 of the dielectric block 
1. In other words, the second surface S2 is used as short-circuiting surface. The first 
surface SI of the dielectric block 1 is open, and on the open circuit surface SI, 
coupling electrodes 4a to 4g are formed which are conductively coupled with the 
internal conductors on the intemal surfaces of the resonator holes 2a to 2g. Also, 
external coupling electrodes 5a, 5b, and 5c are formed from the open circuit surface 
SI to the bottom surface shown in Figs. 3 A and 3B. The external coupling electrode 
5a is capacitively coupled to two resonators formed by the resonator holes 2a and 2b 
by a capacitor formed by the coupling electrodes 4a and 4b. The external coupling 
electrode 5c is capacitively coupled to resonators formed by the resonator holes 2f and 
2g by a capacitor formed by the coupling electrodes 4f and 4g. Similarly, the external 
coupling electrode 5b is capacitively coupled to resonators formed by the resonator 
holes 2d and 2e by a capacitor formed by the coupling electrodes 4d and 4e. 
Regarding the three resonators formed by the resonator holes 2b, 2c, and 2d, each of a 
capacitor formed by the coupling electrodes 4b and 4c, and a capacitor formed by the 
coupling electrodes 4c and 4d establishes capacitive couphng between two adjacent 
resonators. Similarly, two resonators formed by the resonator holes 2e and 2f are 
capacitively coupled to each other by a capacitor formed by the coupling electrodes 4e 
and 4f 

Among the seven resonators, the resonator formed by the resonator hole 2a 
operates as a trap filter formed by a resonator formed by a 1 -stage resonator connected 
between the extemal coupling electrode 5a and the ground. Similarly, the resonator 
formed by the resonator hole 2g operates as a trap filter formed by a 1 -stage resonator 
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connected between the external coupling electrode 5c and the ground. The three 
resonators formed by the resonator holes 2b to 2d operate as a 3 -stage-resonator 
bandpass filter in which adjacent resonators are capacitively coupled to each other. 
Similarly, the two resonators formed by the resonator holes 2e and 2f operate as a 2- 
5 stage-resonator bandpass filter in which adjacent resonators are capacitively coupled 
to each other. 

The external coupling electrode 5a is used as a receiving signal output terminal 
(corresponding to RX in Fig. 5), the external coupling electrode 5c is used as a 
transmitting signal input terminal (corresponding to TX in Fig. 5), and the extemal 

10 coupling electrode 5B is used as an antenna terminal (corresponding to ANT in Fig. 
5). Accordingly, the bandpass filter formed by the resonator holes 2b, 2c, and 2d 
operates as a receiving filter that allows a receiving band to pass through it. A trap 
filter formed by the resonator hole 2a attenuates a transmitting band. Also, the 
bandpass filter formed by the resonator holes 2e and 2f operates as a transmitting filter 

15 that allows a transmitting band to pass through it. A trap filter formed by the resonator 
hole 2g operates as a trap resonator for attenuating a received signal fi-equency band. 

Shaped portions 12a, 12b, and 12c provided on the conductive cover 1 1 abut 
on positions Ca, Cb, and Cc on the open circuit surface SI of the dielectric block 1. 
The shaped portion 12a prevents unnecessary coupling between the two resonators 

20 formed by the resonator holes 2a and 2b. The shaped portion 12b prevents 

imnecessary coupling between the two resonators formed by the resonator holes 2d 
and 2e. The shaped portion 12c prevents imnecessary coupling between the two 
resonators formed by the resonator holes 2f and 2g. As described above, unnecessary 
coupling between the bandpass filter and the trap filter is prevented and unnecessary 

25 coupling between the transmitting filter and the receiving filter is also prevented. 

Although in Figs. 3 A and 3B all the shaped portions 12a, 12b, and 12c 
provided on the conductive cover 1 1 are rectangular in cross-section, as Fig. 4 shows, 
they may be formed triangular in cross-section. In addition, although all the resonator 
holes 2a to 2e are shown as straight holes having intemal diameters, they may also be 

30 formed as so-called "step holes" which each have different intemal diameters at an 
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open end and short-circuiting end thereof. AUematively, the straight holes and the 
step holes may be combined. 

Next, a communication apparatus according to a third embodiment of the 
present invention is described below with reference to Fig. 5. 
5 The communication apparatus preferably includes a transmitting/receiving 

antenna ANT, a duplexer DPX, bandpass filters BPFa and BPFb, amplifying circuits 
AMPa and AMPb, mixers MIXa and MIXb, an oscillator OSC, and a frequency 
synthesizer SYN. 

The mixer MIXa mixes a transmitting intermediate frequency IF and a signal 
10 output from the frequency synthesizer SYN. The bandpass filter BPFa only allows a 
transmitting frequency band in a mixed signal output from the mixer MIXa to pass 
through it. The amplifying circuit AMPa performs power amplification on the 
transmitting frequency band and transmits the amplified signal from the antenna ANT. 
The amplifying circuit AMPb amplifies a received signal extracted from the duplexer 
15 DPX. The bandpass filter BPFb allows only a received frequency band in the received 
signal output from the amplifying circuit AMPb to pass through it. The amplifying 
circuit MIXb outputs a receiving intermediate frequency signal IF by mixing a 
frequency signal output from the synthesizer SYN and the received signal 

As the duplexer DPX in Fig. 5, a duplexer having the structure shown in Figs. 
20 3A and 3B is used. As the bandpass filters BPFa, BPFb, and BPFc, dielectric filters 
having the structure shown in Figs. 1 A and IB, or 2 A and 2B, are used. 

As described above, by using small, reliable filters and duplexers, a small 
communication apparatus having good high frequency circuit characteristics is 
obtained. 

25 Although the present invention has been described in relation to particular 

embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. It is preferred, therefore, that the present 
invention be limited not by the specific disclosure herein, but only by the appended 
claims. 
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